Figure S1 (related to figure 3)
Validation of the functionality of M3D in vitro. (A) We transfected DRG-derived F11 cells with M3D-ires-GFP or GFP alone plasmids. M3D contains an HA tag enabling examination of its subcellular distribution with an HA antibody. HA staining reveals the membrane localization of M3D in F11 cells. Scale bar = 20 µm. (B) The increased levels of intracellular Ca 2+ (imaged with Fura-2) in M3D-transfected F11 cells in response to CNO (1 µM) but not acetylcholine (ACh, 10 µM) indicates that M3D is functional. F11 cells transfected with GFP alone (upper panel) or wild-type M3 receptors are unresponsive to CNO (lower panel) indicating that CNO is selective for M3D. Both GFP-and M3D-transfected cells responded to bradykinin (1 µM) and M3-transfected cells responded to ACh (positive controls). (C) Quantification of the calcium responses to CNO (white bars), ACh (grey bars), and BK (black bars). + indicates significant difference from the BK response within each group, and * indicates significant difference in response to the same agonist in the different groups. (D) We infected PV::cre; tdTomato mice with an AAV that co-expresses Cre-dependent M3D and the reporter gene mCitrine. Immunohistochemistry for tdTom (i.e PV+) and mCit (i.e M3D+) revealed that mCit (green)-positive spinal cord neurons also express tdTom (D, upper panel) , indicating that the AAV-M3D-ires-mCitrine vector is not leaky. Scale bar = 10 µm. In whole-cell patch clamp recordings from cultured dorsal horn neurons of PV::cre; tdTomato mice, CNO stimulation (1 µM) of M3D-infected PV neurons induces membrane depolarization and the generation of action potentials (lower panel: action potentials cropped to highlight depolarization, n = 4). Scale bars: 20 mV and 20 sec. The mean (± s.e.m.) number of VGluT1-IR spots that colocalized with the tdTom signal is significantly different in LIX (grey bar; 56.6 ± 15.7%, n = 4) then in LIIi-LIII (black bar; 0.2 ± 0.1 %, n = 4). * indicates a significant difference (p<0.05) between the two regions (Mann-Whitney Test, pvalue = 0.029). (C) Quantification of the colocalization between GlyT2-IR and tdTom signals from lamina IIi-III and IX of the same spinal cord section. The mean (± s.e.m.) number of GlyT2-IR spots that colocalized with the tdTom signal is significantly different in LIX (grey bar; 16.7 ± 6.5, n = 4) then in LIIi-LIII (black bar; 70.3 ± 9.9%, n = 4). * indicates a significant difference (p<0.05) between the two regions (Mann-Whitney Test, p-value = 0.029). (D) Left: Confocal picture from the lamina IIi of the dorsal horn displaying PKCγ (yellow) and PV (red) interneurons, as well as VGluT1 terminals (blue). Right: A representative PKCγ neuron where there is no colocalization of the VGluT1 and tdTom appositions.
Figure S3 (related to figure 3)
Inhibition of PKCγ interneurons activity in an inflammatory pain model reduces mechanical allodynia but not thermal hyperalgesia. Subcutaneous capsaicin (CPS) injection into the heel of the hind paw induces a significant reduction in mechanical withdrawal threshold (left) that is not alleviated by an intrathecal injection of the control TAT peptide (23 ± 4% of baseline (BL), n = 3, gray bar). Mechanical allodynia is significantly reduced following an intrathecal injection of 100 pmoles of the PKCγ inhibitor γV5-3 (83 ± 9%, n = 4, black bar). However, neither γV5-3 nor TAT could reduce the thermal hyperalgesia (right panel) (7.2± 1.1 sec, n = 4, black bar and 7.3 ± 0.5 sec, n = 4, gray bar, respectively) compared to Baseline values (10.6 ± 1.5 sec, n = 4, white bar). *,*** indicate significant difference between groups compared, following a KruskalWallis analysis of variance on ranks with multiple comparisons (Student-Newman-Keuls Method).
Figure S4 (related to figure 7)
Validation of the cre-dependence of the saporin ablation. (A) Schematic diagram illustrating the approach taken to ablate PV interneurons. We generated an AAV vector expressing a Credependent ribosome-inactivating saporin protein (AAV-Sap). The cDNA of saporin was inserted in the 3'-5' orientation flanked by facing LoxP sites. In this configuration, there is no expression of saporin because of the incorrect (3' to 5') orientation of the cDNA. However, after Cre recombination, the floxed cDNA is flipped and becomes correctly oriented (5' to 3') enabling expression of the saporin. We injected the lumbar spinal cord of PV::cre; tdTomato mice with AAV-Sap. Selective expression of saporin in PV::cre interneurons leads to translation arrest and ultimately death of the PV interneurons. (B) in vitro functional validation of the AAV-Sap vector. We cultured sensory neurons (DRG) from a TRPV1::cre; tdTom mouse in the presence of different titers of AAV-Sap or control media. tdTom+ neurons were recorded over time after AAV-Sap infection. There was a significant reduction in the number of tdTom+ 19 (3E11 pfu/ml) and 17 (6E11 pfu/ml) days after infection. * indicates a significant difference from control group; + indicates a significant difference from baseline. (C) Representative image of a cluster of DRG neurons taken 3 weeks post-incubation with control media (β3-tubulin staining, top left panel); a subset of the neurons are tdTom+ (lower left panel). In cultures of AAV-Sap infected DRG neurons, there was a significant decrease in the number of tdTom+ neurons whereas there was no difference in the number of β3-tubulin-positive neurons. without affecting thermal sensitivity (11.5 ± 1.0 s in saline-injected mice, vs. 11.4 ± 1.2 s in 5 mg/kg CNO-injected mice, n = 8).
Figure S6 (related to figure 3).
Intraspinal injection of an AAV virus expressing a credependent AAV-hM3D conjugated to mCherry in a PV::cre; GFP mouse demonstrates the localized zone of infection near the injection site (25 µm-thick section). Dotted lines represent the lamina of the dorsal horn. A zone containing four infected PV neurons is shown on the right column panels. Arrows present example of some non-infected PV neurons and arrowheads indicate the infected PV neurons.
Supplementary Experimental Procedures:
Behavioral Experiments and pain models For all the behavior tests, the investigator was blind to the drug being injected (saline, CNO, γV5-3, TAT). To produce mechanical hypersensitivity in a model that mimics a neuropathic pain condition, we used two different models: the spared nerve injury (SNI) model, a validated model of mechanical allodynia (Shields et al., 2003) produced by the sectioning of the common peroneal and the sural nerves. We also used the intraplantar injection of capsaicin, a validated model that produces both mechanical allodynia and thermal hyperalgesia (Bonin and De Koninck, 2014) . Briefly, capsaicin (5 μl, 0.5%) is injected subcutaneously in the heel of the mouse hindpaw, and paw withdrawal threshold was measured near the footpads, as previously described (Bonin and De Koninck, 2014) .
Mechanical withdrawal threshold was assessed by placing mice on an elevated wire-mesh grid and stimulating the plantar surface of the hindpaw with von Frey filaments. Starting with a lowweight filament, that exerted 40 mg of pressure, each filament was applied 5 times against the hindpaw. If no withdrawal response was elicited after the 5 applications, the next filament (stronger) was applied and so on until 5 of 5 applications elicited a response. The withdrawal threshold was the filament that produced at least 3 responses from the 5 applications. This threshold was very close to that obtained by extracting the threshold from a 3-parameter sigmoidal fit of the pressure (grams) -response curve. Animals were tested three times, once every other day before the spinal cord injection of the AAV-DREADD. Three weeks after virus injection, animals were tested again to verify that their mechanical withdrawal thresholds did not change. None of the animals included in the study had a change in threshold resulting from the injection of the AAV containing the M3D. For the effects of M3D activation in naïve mice, animals were tested before and after (20-30 min) the intra-peritoneal injection of either physiological saline, or CNO at doses of 1, 3 or 5 mg/kg. The PKCγ antagonist was dissolved in physiological saline and injected at a concentration of 100 pmoles in a volume of 5 µl in the intrathecal space of isoflurane-anesthetized mice. The PKCγ blocker γV5-3 is derived from amino acids 659-664 of PKCγ conjugated to TAT peptide (residues 47-57) by an S-S bond via Cys residues added to the N terminus of each of the peptides. The TAT peptide enables entry of γV5-3 into cells. Consequently, the unconjugated TAT peptide was used as control (in 5 µl saline).
The pain threshold to high temperature was tested using the Plantar Test (Hargreaves Apparatus, Stoelting, USA). Mice were placed into individual restrainers on a glass platform 15 min before the experiment. A noxious thermal stimulus was focused through the glass onto the plantar surface of a hind paw until the animal lifted the paw away from the heat source. The paw withdrawal latency was automatically measured to the nearest 0.1 s. A cut-off latency of 20 s was used to avoid tissue damage. The latency to the nociceptive reaction was measured in seconds under basal condition and after drug treatment. To examine whether non-painful mechanical stimuli can activate neurons in the superficial dorsal horn, we stimulated the hind paws of isoflurane-anesthetized mice with a medium paintbrush (number 3) at of rate of 1Hz for 10 minutes. We tested motor coordination using an accelerating rotarod (Stoelting, USA) at a maximum speed of 33 rpm. The duration that the mouse spent on the rotarod was recorded, with a cut-off at 300 sec. Each mouse went through three training trials and was tested two hours later.
Tissue processing and immunohistochemistry
Immunohistochemistry was performed as previously described (Braz et al., 2012) . Briefly, Mice were anesthetized with mixed saline solution of ketamine (60 mg/kg) / xylazine (8 mg/kg) / acepromazine (3 mg/kg) and perfused transcardially with 0.1 M saline phosphate buffer (PBS; [in mM] 154 NaCl, 13 Na 2 HPO 4 , 2.5 NaH 2 PO 4 , pH 7.4) followed by with 4% paraformaldehyde (PFA) in PBS. Spinal cords were then extracted by laminectomy, postfixed for 2 hours in same fixative, and cryoptrotected in 30% sucrose / PBS solution at 4°C. The dorsal root ganglia (DRGs) were dissected, and the same postfixation and cryoprotection protocol was performed.
Lumbar spinal cord sections were cut using a cryostat (Leica Microsystems). Transverse sections (25 μm-thick) were cut and placed in a 48-well plate containing PBS and stored at 4°C. DRGs were embedded in TissueTek OCT compound (Bayer). Transverse sections (14 μm) were cut, mounted on Superfrost Plus slides (Thermo Fisher Scientific, Rockford, IL), dried for 1 hour at room temperature, and stored at 4°C. Tissue sections were washed three times in PBS/0.3% Triton X-100 (PBS-T; Sigma, St. Louis, MO), and incubated in 10% normal goat serum/PBS/0.3% Triton X-100 (NGST) for 1 hour, before adding the primary antibodies overnight at room temperature (RT) in a 1% NGST solution. Sections were then washed three times with PBS-T solution and incubated for 1 hour with Alexa fluorophore-conjugated secondary antibodies at RT. The sections were washed three times with PBS, air-dried, and coverslipped using Aqua Polymont (Polysciences, Inc., Warrington, USA).
For Nissl staining of DRGs, 14 µm sections were washed in PBS-T for 30 min (3 x 10 min), and then incubated with a Nissl solution (1:100; NeuroTrace® 435/455 Blue Fluorescent Nissl Stain; Molecular Probes, N-21479) diluted in PBS-T for 30 min. After 10 min of final wash in PBS-T and 20 min in PBS, sections were air-dried and coverslipped with Aqua Polymount. All steps were carried out at RT under constant agitation. The slides were stored protected from light at 4°C until analysis.
Primary antibodies were used in 1% NGST at the indicated concentrations: PKCγ (rabbit, 1:20,000; Santa Cruz #C-19), FOS (rabbit, 1:5,000; Calbiochem #PC38), parvalbumin (mouse, 1:5,000; Sigma #P3088), HA (rat, 1:500; Roche #12CA5), GFP and β3-tubulin (chicken, 1:1000; AVES #GFP-1020 and #TUJ), GABA (rabbit, 1:2,000; Sigma), glycine (rabbit, 1:200; Abcam), Lmx1b (1:1000, provided by A. Kania), Gephyrin (mouse, 1:500; Synaptic Systems #147111), GlyT2 (rabbit, 1:200; Synaptic Systems #272003). mCitrine was revealed with the GFP antibody. All primary staining were revealed with corresponding secondary antibodies conjugated to Alexa fluorophores, diluted at 1:800 in 1% NGST. Stainings were imaged using an inverted confocal fluorescent microscope (Zeiss Axiovert 200M fluorescence microscope combined with LSM 510 laser module (Zeiss) and a HeNe laser 543nm (Lasos) associated with a ConfoCor 2 Zeiss detector.). Neuronal profiles in the dorsal horn were stained with an anti-NeuN antibody (mouse, 1:100; Millipore #377X, 1h incubation at RT) conjugated to an alexa-488 fluorophore. (ROIs) of approximately 25 µm x 25 µm that contained PKCγ-positive soma were selected. 2) The surface feature of Imaris was used to select the surface of the PKCγ-positive soma.
Imaris Image Analysis

1) Regions of interest
The "smoothing option" of the Imaris software was deactivated to preserve the raw data and the automatic threshold was fine tuned for the green channel to select only the PKCγ-positive soma surface. This surface was then used to set the intensity outside of the PKCγ-positive soma to 0 and the intensity inside the soma was preserved as the deconvolved intensity data (the "mask all" feature in Imaris was used with "duplicate channel before applying mask" checked and "set voxel OUTSIDE surface to 0.0.0" checked). 3) In order to identify the tdTOM positive appositions we created a surface of the staining in a similar manner as in step 2 but for the magenta channel. 4) The spots feature of Imaris was used to identify intense areas of tdTOM localization along the appositions and areas of high PKCγ staining in the soma. The spots were set to 1 µm in diameter to closely reflect the size of these structures and the resolution of the images. This is a slight overestimate of the size of some of the structures to avoid missing structures that are in close proximity. 5) The "spot co-localization" feature of Imaris was used to create a new image channel that only included spots that contained both PKC positive and tdTOM signals. 6) This analysis accurately identified appositions that were in contact with the PKCγ-positive soma. Appositions that were at a distance or even surrounded by-but not in contact with-the soma were not detected.
Fos counts in the dorsal horn lamina I and II
Pictures obtained from Fos-stained spinal cord sections of PV::cre; tdTomato were centered on Laminae I-III of the dorsal horn. Merge images including Fos-immunoreactive neurons (IRneurons) and PV-expressing interneurons were generated with Image J software. Then with the Image J command "Brightness/Contrast" images were adjusted to display the soma of IRneurons and the soma of PV expressing interneurons. Only IR-neurons localized more dorsally than the PV expressing interneurons were counted as LI-II neurons Fos stained. A total of 15 to 20 L4-L5 spinal cord transverse sections (25 µm-thick) were analysed per animal. The average number of cells per section (ipsilateral to treatment), per animal was calculated. Data are expressed as average values per side ± SEM.
Ca
2+ Imaging Experiments F11 cell cultures were maintained with Dulbeco's Modified Eagle's growth medium (Wisent) supplemented with 2 mM Glutamine, 10% Fetal Bovine Serum, penicillin and streptomycin. The day prior to transfection, cells were plated at 10% to 20% confluency onto 35 mm glass bottom dishes coated with poly-L-lysine (Sigma Aldrich) and laminin (Wisent). Cells were transfected with either a DREADD-containing eGFP plasmid or an empty eGFP control plasmid using lipofectamine 2000 (Invitrogen). Transfections were carried out according to manufacturer's instructions using 2 μg of DNA. Forty-eight hours after transfection, cells were loaded with 2 μM Fura-2-AM (Molecular Probes Invitrogen) and 0.008% Pluronic acid (Sigma Aldrich) for 1 hour. Cell dishes were then washed for 30 minutes with a bath solution (150 mM NaCl, 3 mM KCl, 1 mM MgCl 2 , 10 mM HEPES, 2 mM CaCl 2 , 10 mM Glucose [pH 7.4, 310 mOsm]). During imaging, cells were stimulated with a 2-min superfusion of either 1 μM CNO (BioLynx) or 10 μM ACh (Sigma Aldrich) at room temperature. Bradykinin (1μM, Sigma Aldrich) was administered at the end of each trial as a positive control to assess cell responsiveness. Fura-2 was intermittently excited by 340 nm and 380 nm light every 5 s using a Fura-2 dichroic filter cube (Chroma Technology) and a 40x water-immersed objective (Olympus). A 510/80 band-pass emission filter (Chroma Technology) was used so that the appropriate 510 nm emission light may be collected by a CoolSNAP MYO camera (Photometrics). Metafluor software (Molecular Devices) was used for data acquisition.
Embryonic dorsal horn culture and electrophysiology Dorsal horns were dissected from E18 PV::cre; tdTomato mouse embryos and neurons were dissociated following trypsin (2.5%) digestion. Neurons were plated on a bed of cortical astrocytes and maintained in MEM for up to 2 weeks. Neurons were infected with AAV-M3D-ires-mCitrine viral solution and whole-cell current clamp recordings were made from mCitrine+ neurons 7 days post-infection. The internal recording solution contained (in mM) 140 KCI; 2 MgCl 2 ; 1.1 EGTA; 10 HEPES titrated to pH 7-2 with KOH and the bath was made up of (in mM) 145 NaCl; 4.8 KCl; 1 MgCl 2 ; 2.5 CaCl 2 ; 10 glucose; 10 HEPES; titrated to pH 7.3 with NaOH.
Drugs and plasmids
The compounds γV5-3 and TAT vehicle were obtained from Dr. Mochly-Rosen at Stanford University. γV5-3 is derived from PKCγ amino acid residues 659-664 conjugated to TAT residues 47-57 by a disulfide bond via cysteine residues added to the amino terminus of each peptide. The hM3D (Dr. B. Roth, University of North Carolina at Chapel Hill), the M3 (Dr. Hanrahan, McGill University) and the saporin (Drs. Fabbrini and Vago, Laboratorio Genomica, Milan) plasmids were obtained as gifts.
AAV spinal cord injection
We made a dorsal hemilaminectomy at the level of the lumbar enlargement to expose two segments (about 1.5-2 mm) of lumbar spinal cord, after which the dura mater was incised and reflected. The viral solution was loaded into a glass micropipette (prefilled with mineral oil). The micropipette was connected to a manual micro-injector mounted on a stereotactic apparatus. The viral solution was targeted to the dorsal horn (left side). Along the rostro-caudal axis within the exposed region, 6 injections of 240 nl each were performed, in a equidistant linear fashion. After each injection, 1 min of resting time was observed and then the muscle layer was sutured, the skin closed with staples, and the animals were allowed to recover with heated-pad before they were returned to their home cages. Animals were perfused for histological analysis after the last behaviour test.
The saporin cDNA was reversed (5'-3') and flanked by facing loxP sites (Flexed). The construct was placed in a pAAV vector and packaged into AAV2/8 (2E14 GC/ml) by the Cellular Imaging Platform of the Quebec Pain Research Network. For AAV DREAADs injections, viruses (AAV2/8 for hM3D and AAV2/2 for hM4D) were obtained from the University of North Carolina vector core 1x10 12 viral particles per ml. Mice were perfused 3-4 weeks post injection. Because of their low volume, the zone of virus infection remains local. The injection of a credependent Dreadd conjugated to mCherry (AAV2/8, 2E12 GC/ml) only infects PV neurons in the dorsal horn (Fig S6) .
Cell counts
For each animal, on average 15 sections (25 μm-thick) were considered for counting, all located within the lumbar enlargement and in the region targeted by the AAV. The total number of PVtdTom+ cells was counted in the dorsal horn (ipsilateral to the AAV injection). The ratio (number of PV-Tom+ cells ipsilateral) / (number of PV-Tom+ cells contralateral) was calculated to evaluate the consequence of AAV-Saporin in the dorsal horn on PV-Tom+ cells population. For counting of NeuN-stained sections, neurons in LI-III were counted with the Image J software using "analyse particle" tool. A total of 7 to 9 sections were analysed per animal. The average number of cells per section (ipsilateral and contralateral sides), per animal was calculated. Data are expressed as average values per side ± SEM (n = 3 mice).
AAV saporin infection of DRG neurons
Dorsal root ganglia from TRPV1::Cre; tdTomato mice were dissected and dissociated using trypsin and collagenase, and cultured in round 35-mm glass bottom dishes in modified DMEM/F12 50/50 culture media supplemented with 25 ng/ml NGF, as previously described (Hu and Lewin, 2006) . Cell counts were performed by hand using an inverted Olympus IX-71 fluorescent microscope at 40x magnification. Three consecutive days of baseline counts were performed, after which cells were infected with the virus AAV-Flex-Saporin at a concentration (infectious units, ifu) of either 3x10 11 ifu/ml or 6x10 11 ifu/ml in culture media with NGF, or were incubated with a control solution (culture media with NGF). Starting from the day of infection, the number of tdTom+ cells was counted every three to four days for three weeks (21 days), until the number of remaining cells stabilized again. For all measurements, the experimenter was blinded to virus treatment conditions.
Electron microscopy
Tissue preparation: Two adult PV::cre; tdTomato mice were deeply anesthetized with Equitesin (6.5 mg chloral hydrate and 3 mg sodium pentobarbital i.p.) then perfused as previously described (Côté et al., 1993) . We used two different perfusion protocols which yielded similar results. One of them was then perfused with a mixture of 4% PFA and 0.5% glutaraldehyde in 0.1 M Phosphate Buffer (PB) for 30 min, and the other by a mixture of 3% PFA, 0.1 glutaraldehyde and 15% (v/v) picric acid in PB. Subsequently, mice were perfused for 30 min with the same solution but without glutaraldehyde and finally with 10% sucrose (in PB) for 30 min. Spinal cords were collected and immersed in 30% sucrose in PB, overnight at 4°C for cryoprotection. Lumbar segments L3-L4
